homozygotes, positive assortative mating is therefore un-
likely to apply in this case. WanLunp’s effect and restricted
neighbourhood size may play some role but an inbred
maternal population is likely to be the dominant cause.
Only stand 39 produced an excess of homozygotes and the
reason for a more highly inbred maternal population in
this stand than in the others is not apparent.
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Genetic Parameters of Blue Spruce (Picea pungens)
at Two Locations in Michigan')

By B. C. BonGaRrTeN and J. W. HANOVER?)

(Received 4th July 1985)

Abstract

One hundred sixty three open-pollinated families from
42 stands from throughout the natural range of blue spruce
were grown at itwo test sites in Michigan. Within and be-
tween stand variance components, family heritabilities,
and genetic correlations were calculated for height, foliage
color and time of bud-burst, Results at both sites were, for
the most part, similar. Except that no geographic variation
was detected for height in the northern test (probably
because cold damage reduced the growth of trees from
southern origins there), family variation for height and
foliage color was approximately equally divided among
geographic regions, stands within regions and families
within stands. For bud burst, measured only in the south-
ern Michigan test, family within stand variation was twice
as great as the regional or stand within region components.
Estimates of genetic components of variation derived from
these results indicate that within stand genetic variation is
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?) Authors are respectively, Assistant Professor, School of Forest
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approximately twice as great as between stand genetic
variation for height and foliage color, while within stand
genetic variation is eight times greater than between stand
genetic variation for bud-burst. Family heritabilities for
height and foliage color were about 0.5, and for bud-burst
about 0.8. Genetic correlations were small, but significant
for foliage color with height and bud-burst.

These results were used to develop a possible first gene-
ration selection strategy for blue spruce which utilizes
within and between stand genetic variation.

Key words: selection, tree breeding,genetic correlations, heritabi-
lity.

Zusammenfassung

Auf zwei Teststandorten in Michigan wurden 163 Fa-
milien aus freier Abbliite von 42 Picea pungens Bestinden
aus dem gesamten natiirlichen Verbreitungsgebiet ange-
baut. Nach Messung der Hohe und Feststellung der Na-
delfarbe und des Knospenaustriebes nach 4 Jahren wurden
die Variationskomponenten zwischen und innerhalb der
Bestinde, die Familien-Heritabilitdten und die genetische
Korrelation berechnet. Fiir beide Anbaustandorte waren
die Ergebnisse gréBtenteils dhnlich. Auler daB im nord-

Silvae Genetica 35, 2—3 (1986)




lichen Versuch fiir die Héhe keine geographische Variation
zu finden war, (wahrscheinlich weil dort Frostschaden das
Wachstum der siidlichen Herkiinfte reduzierte), war die
Familienvariation fiir Hohe und Nadelfarbe ann&hernd
gleichméfBlig zwischen den geographischen Regionen, den
Bestdnden, innerhalb der Regionen und den Familien in-
nerhalb der Bestdnde verteilt. Fiir den Austrieb, der nur
im Versuch in Stidmichigan bonitiert wurde, war die Varia-
tion der Familien innerhalb der Bestinde zweimal so groB
wie die regionale Variation oder diejenige innerhalb der
Regionalkomponenten. Schitzungen fiir die genetischen
Variationskomponenten, die von diesen Ergebnissen abge-
leitet wurden, zeigen an, daBl die genetische Variation in-
nerhalb der Bestinde annidhernd zweimal so grof3 ist wie
die genetische Variation zwischen den Bestidnden fiir die
Ho6he und die Nadelfarbe, wiahrend die genetische Varia-
tion fiir den Austrieb innerhalb der Bestinde achtmal gré-
Ber ist als zwischen den Bestinden. Die Familienheritabili-
titen fiir Hohe und Nadelfarbe waren etwa 0,5 und fiir
den Austrieb 0,8. Die genetischen Korrelationen waren
klein, aber fiir die Nadelfarbe mit Hohe und Austrieb sig-
nifikant. Die Ergebnisse wurden benutzt, um fiir die erste
Generation eine Selektionstrategie fiir Picea pungens zu
entwickeln, welche innerhalb und zwischen der genetischen
Bestandesvariation von Nutzen ist.

Introduction

When a species is to be domesticated, knowledge of its
genetic architecture--the degree and patterns of variation,
inheritance and genetic correlations among traits--is es-
sential to planning an effective breeding strategy (LiBsy,
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Figure 1. — Distribution of stands used in the provenance-progeny

test with the regional designations developed by BonNcarten and

Hanover (1985). Shaded area represents the natural range of blue
spruce

1973). Accumulating this information requires much rese-
arch and consumes considerable time. Breeders are, there-
fore, forced to begin selection efforts with incomplete gene-
tic knowledge.

A common solution, particularly with exotics, has been to
describe the geographic variation patterns, select at this
level first, and select within the best geographic zones
subsequently.

Another solution is to initiate tree breeding efforts with
a range-wide provenance-progeny test. Such tests provide
information on the distribution of variances within and
between stands, heritabilities, and genetic correlations in
addition to geographic variation patterns. This is not
cornplete knowledge of the species genetic architecture,
but it does allow the design of first generation selection
strategies that utilize both within and between stand
sources of variation, and it also indicates promising direc-
tions for future selection efforts.

In this paper range-wide provenance-progeny test re-
sults were used to devise first generation selection strate-
gies for blue spruce. Blue spruce is a native of the central
and southern Rocky Mountains (Figure 1), where it is
usually confined to riparian zones and is rarely cut for
timber. However, large quantities are grown for ornamen-
tal purposes and Christmas trees. For these purposes, im-
provement in growth rate, increased percentage of trees
with blue (waxy) foliage, and late bud-burst to reduce
damage from spring frosts are highly desirable. In some
areas winter cold tolerance may be an important selection
criterion (BoNcArTEN and HANOVER, 1986).

The geographic patterns of variation in blue spruce,
based on provenance tests at eight locations, have been re-
ported in a previous paper (BonGarTen and HaNover, 1986).
Patterns were different for each of the traits examined.
Growth rate generally increased with declining latitude
of origin, while bud-burst was latest in trees from the
western portions of the range (Utah and northern Arizo-
na). Foliage blueness was maximized in northern Arizona
and New Mexico and southern Colorado, declining north-
ward or southward, Winter needle injury was observed
only on trees from the southernmost origins. These patterns
were similar at each test site except that trees of southern
origin were comparatively smaller at the coldest site than
at the other test sites.

The provenance tests have identified no region or spe-
cific set of stands which have the desired combination of
traits. Furthermore, as will be shown in this paper, within
stand variation accounts for a large proportion of the ge-
netic variation. Under these circumstances, the advantage
of provenance-progeny tests for first generation selection is
particularly apparent. The present work is a specific ex-
ample of the development of a first generation breeding
strategy which utilizes information and materials generat-
ed from provenance-progeny tests established at the outset
of an improvement program.

Materials and Methods

Blue spruce seeds were collected in the fall of 1969 from
wind pollinated cones on individual trees in 42 stands
throughout the natural range (Figure 1). From two to ten
trees were sampled in each stand, the average being 3.9.
The seeds from each tree were kept separate and are con-
sidered to constitute half-sib families, randomly mated
within stands.

The seeds were sown in an East Lansing, Michigan nur-
sery in the spring of 1970. A randomized complete block

107



Table 1. — Regional and plantation means for height and foliage color.

Foliage Color

Region Height: 2 of test mean and (cm) (Scale: O=green to 12=blue) Bud burst

Kalamazoo Chippewa Kalamazoo Chippewa Kalamazoo
Intermountain 94 (69) 91 (32) 4.5 3.6 18.4
Northern Colorado 94 (70) 102 (36) 5.1 4ot 21.6

So. Colorado - No. New

Mexico 111 (82) 106 (37) 6.8 6.1 24,1
So. Arizona - New Mexico 121 (90) 101 (35) 4.7 3.9 25.3
Kaibab 101 (75) 100 (35) 7.9 7.3 16.8
ALL 100 (74) 100 (34.%) 5.2 4.5 21.7

design of four replicates was used. In each replicate half-
sib family row plots 117 cm long containing 20 seeds were
established. The rows were 10 cm apart.

The seedlings were grown in the nursery for three years.
In the spring of 1973, they were lifted and half-sib progeny
tests were established at two locations: one in Kalamazoo
County, Michigan and one in Chippewa County, Michigan.
At both sites the planting design was three randomized
complete blocks with four tree row plots. Tree spacing was
1.8m X 24 m.

The two test locations differ substantially in their cli-
matic and edaphic conditions. The Kalamazoo site in
southern Michigan (latitude: 42°20°, longitude 85°20°) is
warmer than the Chippewa site in northern Michigan (lati-
tude: 46°10’, longitude: 84°21’). The average January tempe-
rature at the Kalamazoo site is —4°C; for the Chippewa
site it is —10° C. July averages are 23° C and 18° C respec-
tively. The Katamazoo site also has a longer frost-free pe-
riod: 153 days versus 143 (USDA, 1941). The Kalamazoo
site is more fertile and received greater care. The soil is an
agricultural quality sandy loam. Strip weed control was

plantation were analyzed on plot means. Color was scored
on a scale of 0 = green to 3 blue for each tree. Plot
sums (adjusted for mortality by extrapolation) were calcu-
lated and these data were used for analyses at each site
individually. For the analysis of the two tests together,
heights and foliage color scores were converted to standard
normal deviates in each plantation to homogenize error
variances. Bud-burst was measured on a scale from 0 =
no activity to 10 = fully flushed for each tree on April 29,
19717. Plot means X 10 were the units of analysis.

Family variation was divided into three components:
regions, stands within regions and families within stands.
Regions were those defined in BoNGarTEN and HANOVER
(1986) based on variation patterns in height, foliage color,
time of spring bud-burst, and winter damage in eight prov-
enances tests (Figure 1).

The full model for the analysis was:
T=i+s, + B8, gy * Rt PR g ¢ £(0)g(qy ¢ SRy * SRRy ¢

ST p 1) * *gkiacn)

used to reduce competition around the trees, and mowing vhere:
was practiced several times each year between rows. The i = experiment mean
Chippewa test is on a deep sandy soil of low fertility. The s, - test site effects
only weed competition is bracken fern and no weed con- B(S) - block within site effects
trol was necessary. The differences in conditions resulted i@
in the Kalamazoo County trees being more than twice as Fie 7 resion affects
tall as the Chippewa County trees (Table 1). Nevertheless, P(R)) () = stand wichin reglon effaccs
survival was somewhat greater in the Chippewa County £(p) (yy = femily vithin stand effects
test, 90% to 85% SRy, = region x test site effects
Bud-burst and foliage color were measured in the Ka- Sp(R),; ,, = stend vithin regton x test site effects
lamazoo plantation in the spring of 1977. Heights in both S£Gp) - family within stand x test site effects
plantations and foliage color in the Chippewa plantation =)
Pwere measured in the autumn of 1977. Heights in each 'jkh(i) = residual (family by block within test site effacts)
Table 2. — Variance components (+ standard errors) for eight year height, foliage color and spring bud-burst at the Kalamazoo County

test site. All components are significant at the « = 0.0001 level.

Height Foliage Color Bud-burst
Source of . % of Y, % of 22/ % of
Variation d.f. cm Fam, Var. Units?= Fam, Var. Units?= Fam, Var.
Blocks 2 - - - - - -
Families 162 88,93 + 12,00 100 2,74 £ 0.32 100 20,02 + 2,33 100
Stands 41 6l.94 * 16.48 70 1.90 £ 0.50 69 9.55 £ 2,82 48
Regions 4 33.24 £ 16.89 37 0,61 + 0,52 22 4,26 ¢ 3,18 21
Stands (Regions) 37 28,70 + 8,93 32 1.29 + 0.29 47 5.30 + 1,92 27
Families (Stands) 121 26.99 =+ 7.18 30 0.84 £ 0,20 31 10,47 £ 1.66 52
Error 312 79.13 £ 6,34 2,01 £ 0,16 7.12 £ 0,57

l/ Units are from O=green to 12=blue.
2/ UYnite are from O=no buds flushed to 10=all buds flushed,
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Table 3. — Variance components (+ standard errors) for eight year height and foliage color
at the Chippewa County test site. All components are significant at the « = 0.0001 level except
for the regional component of height.

Height Foliage Color
Source of % of % of
Variation d.f. cm? Fam, Var. Units’y Fam, Var.
Block 2 - - - -
Families 162 26,16 + 4,38 1¢0 2,26 = 0,29 100
Stands 41 15.90 + 4,96 60 1.66 £ 0.43 T4
Regions 4 1.32 + 6.60 H 0.66 £ 0,47 29
Stands (Regions) 37 14,48 £ 4,23 55 1.01 = 0.26 45
Families (Stands) 121 10,36 = 3,59 40 0,60 = 0,16 26
Error 316 47,05 £ 3,74 1.70 £ 0,14

l/ Units are from O=green to 12=blue,

For the analysis of variance at each test site individually,
the terms with site were dropped. Approximate standard
errors of the variance components were calculated accord-
ing to the methods in NamkoonG (1979, pp. 229—230).

Family heritabilities and genetic correlations were de-
termined using the family within stand terms to estimate
family variances and covariances. Within plot variances
were not included in the heritability calculations. There-
fore, the heritability estimates are inflated, but not sub-
stantially so (WriGHT, 1976). Heritability estimates are also
somewhat overestimated because the open pollinated fami-
lies are likely to contain some products of inbreeding (So-
RENSEN, 1973, NamkooNG, 1866). Approximate standard er-
rors of the heritabilities were calculated from methods
described by Namkoone (1979, pp. 232—233). Standard er-
rors of the genetic correlations were calculated according
to the formulae in Becker (1984, pp. 114—115).

Results
Variance Components

Height. Family variation at both test sites was highly
significant. The standard deviation of family means was
15% of the plantation mean in the Kalamazoo County test
and 13% of the plantation mean in the Chippewa County
test.

In the Kalamazoo County plantation, family variation
was nearly equally divided among regions, stands within
regions and families within stands (Table 2). Over the
entire geographic range, stands accounted for 70% of the
family variation and families within stands for the remain-
ing 30%.

In the Chippewa County test, stands within regions and
families within stands had nearly equal variances, but no
variation was detected among regions. The absence of
regional variation resulted in less overall family variation
(as a percent of the error variation) in the Chippewa test
compared to the Kalamazoo test. However, the stands
within regions and families within stands components were
quite comparable at the two test sites when expressed as
percent of error variation.

The absence of regional variation at the Chippewa site
is thought to result from winter cold injury. Southern trees
wer the tallest in the milder Kalamazoo test, but they
were only average at the colder Chippewa site (Table 1).
The diminished growth of trees from southern provenances
in northern Michigan (as compared to southern Michigan)
has been observed in numerous other species as well
(WriGHT, 1973).

When both test plantations were considered together, the
region X test site interaction was, of course, highly signi-
ficant. The stands within regions component was also signi-
ficant, but small, and no family within stands X test site
interaction was detected. Nevertheless, over both sites, the
total between stand variation was about 3.5 times greater
than the family within stands component.

The within and between stand variances can be used to
obtain rough comparisons of the within and between stand
additive genetic variances, if a few assumptions are ac-
cepted. The between stand variance is a genetic variance
comprised of additive and non-additive components which
can not be separated. The family within stand variance
represents one fourth of the additive-genetic variance
within stands, assuming random mating. Therefore, an
estimate of the within stand additive genetic component
can be found by multiplying the family within stand
variance by four. This estimate is somewhat inflatet, parti-
cularly if there are strong dominance effects, and mating
is not perfectly random (Namkoong, 1966). However, if we
assume that dominance and interaction effects are negli-
gible, then the between stand variance is an unbiased esti-
mate of the additive genetic variance between stands and
four times the family within stand-varianee is a nearly
unbiased estimate of the within stand additive genetic
variance (if inbreeding is not excessive). Under these as-
sumptions, additive genetic variation within stands ap-
pears to be somewhat larger than variation among stands
over the entire species range. In the Kalamazoo County
test, the within stand genetic variance was almost twice as
great as the total between stand genetic variance (stand
within region plus region), and it was four times greater
in the Chippewa County test. Over both test sites it was
only 2.3 times greater. If dominance effects are important,
both the within and between stand additive genetic vari-
ances will be overestimated when calculated in the above-
mentioned manner; therefore, the relative proportions of
the additive genetic variances may not be grossly in error
in this event. However, the effect of non-additive variances
is unknown and proportions of between and within stand
additive variation calculated here must be considered only
as rough estimates.

Foliage Color. The amount and pattern of foliage color
variation was similar in the two test plantations. Genotype
X test site interaction was negligible and non-significant
for each component (Table 4).

The stand within region component had the largest vari-
ance, accounting for nearly one half of the total family

109



Table 4. — Analysis of Variance for height and foliage color: both plantations considered
together.
Source of Height Foliage Color
Variation a.t. W —VarTanes —E e arTane
Blocks 5 1.69 <0.00 1.873 0.01
Families
Stands 41 6,70%* 0.23 10.460%* 0,40
Regions 4 21,93%* 0.05 44, 203%* 0.14
Stands (Regions) 37 5.,05%% 0,17 6,811%* 0.25
Families (Stands) 121 1,35%* 0.13 1, 340%* 0,15
Families x test sites
Region x test site 4 10,58%* 0,12 0.136 <0.00
Stands (Regions) 37 1.00% 0.03 0.751 0,02
X test sites
Families (Stands) 121 0,66 0,03 0,484 0,02
x test sites
Error 628 0.56 0.56 0.428 0.43

variance (Table 2, 3 and 4). Family within stand and re-
gion each accounted for approximately one-quarter of the
family variance (Table 2 and 3). Therefore, the total be-
tween stand variance accounted for three-fourths of the
total family variance and families within stands for one-
fourth. The total within stand additive variance, calculated
by multiplying the family within stand variance by four,
was estimated at 1.8 times the total between stand genetic
variance is greater than the between stand genetic vari-
ance (region plus stand within region). Standard errors
indicate that-the differences in the between and within
stand variance components are too small to be considered
significant.

Bud-burst. Bud-burst was measured only at the Kala-

mazoo County site. Each component of family variance in -

spring bud-burst was highly significant. The family within
stand variance was the largest of the components account-

Table 5. — Family heritabilities and their standard errors.

ing for over half of the total family variation (Table 2).
The remaining variance was split almost equally among
regions and stands within regions. The within stand additive
variance, calculated by multiplying the family within stand
variance by four, was four times greater than the between
stand variance over entire species range (region plus stand
within region). It is clear that the within stand genetic
variance is greater than the between stand genetic vari-
ance for this trait.

Family Heritabilities and Correlations

Half-sib family heritabilities (Table 5) and genetic cor-
relations (Table 6) were estimated based on deviations
from stand means and thus represent the pooled para-
meters over all the random-mating populations. Family
heritability for height was somewhat greater at the Kala-
mazoo site than the Chippewa site because the error vari-
ation was proportionally smaller. However, the estimate
over both sites was greater than at either plantation indi-
vidually because the genotype within stand X environ-
ment was negligible. For foliage color, the heritability was

Date Base Height Foliage Color Bud-burst . .
only slightly greater than for height; the estimates were
Kalamazoo Co. 0.50 + 0.08 0.55 2 0.07 0.81 £ 0.03 just above 0.5 at both test sites. When both tests were con-
Chippeva Co. 0.39 ¢ 0.09 0.51 ¢ 0.07 _ sidered together, the estimz_lte .increase.d to nearly 0.7, again
Both Plantations 0.56 + 0.06 0.67 + 0.0 _ because genotype X test site interaction was absent. Date

Table 6. — Within stand genetic correlations (* standard errors)
and between stand phenotypic correlations.

Height Foliage Color

Genetic Correlations
with:

Foliage Color
at Kalamazoo Co.
at Chippewa Co.

0.39 (£0.10) -
0.11 (£0.03) -

of bud-burst had the highest heritability and was estimated
with the greatest precision. Error variation was quite low
for this trait.

All estimates of genetic correlations were low. However,
foliage blueness was significantly correlated with greater
height and later spring bud-burst. No genetic correlation
could be shown between height and bud-burst. Correlations
based on stand means as deviations from the regional
means (Table 6) were quite low and non-significant. The
regional patterns of variation in the three traits are also

Both sites 0.21 (20.04) - independent (Table 1)'
Bud-burst

at Kalamazoo Co. 0,12 (20,52) =0.19 (£0.09)

Discussion

Stand Correlations Generality of the Results

vieh: These results indicate that significant genetic variation
POl oo co. 0.03 } occurs between regions, between stands within regions

;:t:":r;lt’:‘_" Co. g'g; - and within stands for eighth year height, foliage color and

’ spring bud-burst. From the estimates obtained here, the

B amazoo Co. 0.02 0.0 within stand genetic variation for height and foliage color
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stands from the entire species range, but for bud-burst,
within stand variation is much greater than between stand
variation. These conclusions apply strictly only to the sites
and ages of measurement. However, evidence from other
experiments indicates that they may be valid regardless
of site or age for foliage color and bud-burst, but not for
height.

For foliage color, variation at the region, stand within
region and family within stand levels does not seem de-
pendent on site or age. No genotype X test site interaction
was detected in this study; furthermore, no interaction of
consequence was detected when stand values were com-
pared at eight locations from Nebraska to Quebec (Bon-
GARTEN and Hanover, 1986). Unpublished data (BONGARTEN
and Hanover) also shows foliage color to be consistent with
respect to age after the first two or three years.

The relative amounts of variation for spring bud-burst
are probably not dependent on site or year either, In Dou-
glas-fir, which has been most extensively studied in this
regard, the absolute amount of variance may change from
year-to-year (Wurte et al., 1979), from site-to-site (Morris
et al., 1957) and in different controlled environments (Camp-
BeLL and SorenseN, 1978), but the genotype rankings appear
to be consistent. The relative magnitudes of the within and
between stand variances have also been shown to be
consistent regardless of age or sites in France (CHRisTOPHE
and Biror, 1979).

On the other hand, variance components for height may
change with age and site. Namkoonc et al. (1972) have shown
in Douglas-fir (Pseudotsuga menziesii) and Namkoon and
Conkie (1976) in ponderosa pine (Pinus ponderosa) that the
within and between stand additive variances are altered
by age or more specifically by crown development (see also
FrANKLIN, 1978). A site-to-site difference in regional varia-
tion was evident in the present case. The stand within
region and family within stand variances may also be sub-
ject to site variation. Genotype X environment interaction
on these levels is well established (WricHt, 1973; SHEL-
BOURNE, 1972), and although genotype X environment in-
teraction does not necessarily result in different variances
at different sites, it often will. Further investigation into
the time trends in height variance components is required.
Implications for Breeding

For height, foliage color and bud-burst, variation at the
region, stand within region, and within stand levels is large
enough to warrant selection at each level. Within stand
selection appears to ultimately provide the greatest op-
portunity for genetic gain because of greater variability
and the greater selection differentials that are possible
(although several generations of selective breeding are
required to capture the gain from within stand variability
because only a portion of the genetic variability is present
in each generation and because selection efficiency is not
perfect). However, stand variation accounts for a substan-
tial portion of the total genetic variation and first gene-

ration selection efforts should take maximum advantage °

of this.

The method of selection depends to a large degree on
the magnitude of the heritability (Farconer, 1980). The
heritabilities calculated here are family heritabilities and
indicate only the effectiveness of family selection within
the progeny tests measured. However, judging from other
evidence, they may be indicative of individual tree heritabi-
lities as well. Individual tree heritability for height is well
known to be low (ZoseL and Tavsert, 1984; WriGHT, 1976),
while heritability for bud-burst appears to be high (e.g.

Picea glauca (Nienstaept and TeicH, 1972) and Pseudotsuga
menziesii (CuristopHE and Biror, 1979; REeureLDT, 1983)).
Therefore, mass selection is likely to be highly effective for
bud-burst and less so for height. Estimates of individual
tree heritability for foliage color are not available from
other species, but horticultural work suggests that foliage
color is little affected by environment. Grafted scions of
blue trees produce blue trees whatever the environment;
trees transplanted from one location to another do not
change color either. As mentioned previously, genotype X
environment interaction was negligible in a provenance
test of blue spruce planted at eight sites (BonNGarTEN and
Hanover, 1986). Low environmental variance indicates that
broad-sense heritability, if not narrow-sense heritability,
is high. Considering that foliage color is little influenced
by environment, the calculated family heritabilities are
actually quite modest; dominance and interaction effects
appear to be important. If this is the case, phenotypic
selection should be highly effective, but selection of blue
trees from stands with predominantly blue trees should be
more profitable than selecting equally blue trees from
stands with blue and green trees because the former have
a greater probability of being homozygous for genes con-
ferring blueness.

Genetic correlations between the traits are small, but
favorable for the simultaneous selection of rapid growth.
blue foliage color and late spring bud-burst.

For a selective breeding program, the results from this
test may be used in two ways. First, the test may be used
to provide information for developing a strategy for first
generation selection in the native range. Second, selections
can be made within the progeny test to establish a first
generation orchard. It seems likely that both would be
employed. For obtaining selections from the native range,
the following strategy is suggested to obtain faster growing,
bluer, and later flushing blue spruce for the milder parts
of the northern United States:

1) Selections should be restricted to the southern portion
of the natural range of blue spruce.

2) Within this area, stands of predominantly blue trees
should be identified.

3) Within these stands, blue trees that are 4ate flushing
should be identified.

4) Scions from these selected trees should be grafted into
a clonal seed orchard.

5) Open pollinated seed from the selected trees should be
collected and grown in progeny tests to provide data,
especially on growth rate, for roguing the clonal orchard.

6) Southern stands tested in the current provenance pro-
geny test that show below average growth rate should
be avoided; northern stands which have above average
growth rate in the current test could be considered.

In this scheme, selection for height occurs on the regio-
nal level by restricting selections to the southern portions
of the range. A combination of between and within stand
selection is also imposed by roguing on the basis of open-
pollinated progeny test results. Phenotypic selection in
natural stands is not emphasized because of low heritability
and uneven-aged stand structure. Selection for blue foliage
color occurs at the region, stand within region and within
stand levels. Stand selection is emphasized because of the
assumed large dominance variation. Selection for time of
bud-burst is essentially limited to phenotypic selection
within stands because of its high heritability and abundance
of within stand variability. Grafted orchards with scions
from mature trees are favored because of the lengthy ju-
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venile phase in blue spruce (Sarrorp, 1974). In a breeding
program for colder areas, stands from the southernmost
portions of the range should be avoided. Otherwise, the
same selection program could be used.

Selection within the existing progeny test could be ac-
complished by means of a selection index. This would re-
quire the calculation of individual heritabilities and the
assigning of weights for each trait. It should also be pointed
out that the family heritabilities presented here are based
on within stand deviations and therefore underestimate
the family heritability over all families. Family heritability
could be calculated over all families, but this would be an
overestimate because the families are not part of one
random mating population. The effectiveness of selection
within the progeny tests could be improved by increasing
the number of members per family.

The emphasis placed on selection within the existing
progeny tests and on selection of new materials from the
native range depends on many factors. In any case, the
initation of a tree improvement program with provenance-
progeny tests will lead to more rapid genetic progress in
the early stages of the program than if provenance tests
alone are used.
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Inherent Differences in Family Response to Inter-Family
Competition in Loblolly Pine

By G. A. Tuskan!) and J. P. vAN BUITENEN?)

(Received 1st October 1985)

Summary

The effects of inter-family competition on genetic para-
meter development and individual phenotypic response
were examined. Two 20-year-old open-pollinated progeny
tests of loblolly pine (Pinus taeda L.), and seedlings from
five mother-tree families common to both tests were used
to evaluate the above competitive effects. Genetic parame-
ters from both the mature progeny tests and the seedling
study changed over time. Response to competition was sig-
nificantly different among families, and two indicators of
competition suggested competition was occurring in all
studies. However, genetic parameter changes expressed by
these families were not in direct response to the onsei of
competition. The competition analysis revealed significant
differences in the competitive abilities and competitive in-
fluences among the seedlings of the five tested families.
Family S2PT10 was involved in the majority of the signi-
ficant competitive effects. Transgressive overyielding and
underyielding competitive effects were displayed among

1) Assistant Professor, Department of Horticulture and Forestry,
Fargo, ND 58105, USA

?) Professor, Forest Science Department, Texas A & M University,
College Station, TX 77840, USA

112

the family combinations. No one family could be identified
as consistently overyielding or underyielding.

Key words: Inter-family competition, competitive ability and
competitive influence, genetic parameter.

Zusammenfassung

Es werden die Wirkungen von Konkurrenz auf die Ent-
wicklung genetischer Parameter innerhalb der Familien,
sowie die individuelle phinotypische Reaktion untersucht.
Die Ergebnisse aus der Priifung von zwei zwanzigjdhrigen
frei abgeblithten Nachkommenschaften bei Pinus taeda
L. und aus der Priifung von Sé@mlingen von fiinf Mutter-
bdumen, die in beiden Tests enthalten waren, wurden be-
nutzt, um die oben erwihnte Konkurrenzwirkung zu be-
stimmen. Die genetischen Parameter von beiden, d.h. aus
der Untersuchung der alteren Nachkommenschaften und
der Samlinge, wechselten iiber den Zeitraum. Die Reaktion
auf die Konkurrenz war innerhalb der Familien signifikant
unterschiedlich und zwei Konkurrenzindikatoren haben ge-
zeigt, daB in allen Versuchen Konkurrenzeffekte aufge-
treten sind. Die genetischen Parameterwechsel, die bei
diesen Familien zum Ausdruck kamen, waren jedoch keine
direkte Reaktion auf das Auftreten von Konkurrenz. Die
Konkurrenzanalyse ergab signifikante Unterschiede in den
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